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A method and apparatus are disclosed for telemetering both analog and digital data from an implantable medical device to 
an external receiver, such as between an implanted cardiac pacer and its external programming equipment. Analog data is first 
converted to digital format by an analog-to-digital converter, such that the transmission is digital data. A damped carrier at 175 
kilohertz is pulse position modulated by the data. The modulation scheme defines a frame of slightly less than 2 milliseconds. 
The frame is divided into 64 individual time periods using a crystal clock. The data, along with synchronization and identification 
codes, are positioned into predefined ranges within each frame as measured by the individual time periods. The data is uniquely 
identified by the position of a burst of the carrier within the predefined range. This modulation scheme enables necessary data to 
be transmitted at sufficiently high rates with reduced power requirements thereby conserving the internal battery of the implan- 
table device. This modulation scheme provides fiexibility of use, for example, with complex medical devices where transmission 
of increased volumes of data is desirable, such as cardiac devices having dual-chamber or multisensor capabilities, and for con- 
trolling particular conditions, such as tachyarrhythmia. 
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BACKGROUND OF THE INVENTION 
Field of the Invention . 

The present invention generally relates to 
5 implantable medical devices, and more particularly, 
pertains to telemetry schemes for percutaneously 
transmitting analog and digital data from an implantable 
medical device. 
Description of the Prior Art , 

10 The earliest implantable medical devices were 

designed to operate in a single mode and with no direct 
percutaneous communication. Later it became clinically 
desirable to vary certain of the operating parameters and 
change modes of operation. This was accomplished through 

15 the use of programmers and other external devices which 
transferred commands percutajxeously to the implanted 
medical device. 

The communication between the implant and the 
external world was at first primarily indirect. The 

20 operation of an implantable cardiac pacer could be 

observed, for example, in the electrocardiogram of the 
patient. Soon it became known that data could be sent 
from the implanted cardiac pacer by modulating the 
stimulation pulses in some manner. This can only provide 

25 a low bandpass channel, of course, without interfering 
with the clinical application of the device. Change of 
the pacing rate to indicate battery condition was a 
commonly used application of this technique. 

As implantable cardiac pacers became more complex, 

3 0 the desirability to transfer more data at higher speeds 
resulted in the percutaneous transmission of data using a 
radio frequency carrier. The data to be transmitted is 
of two basic types, namely, analog and digital. The 
analog information can include, for example, battery 

35 voltage, intracardiac electrocardiogram, sensor signals, 
output amplitude, output energy, output current, and lead 
impedance. The digital information can include, for 
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example, statistics on performance, markers, current 
values of programmable parameters, implant data, and 
patient and unit identifiers. 

The earliest RF telemetry systems transmitted analog 
5 and digital information in separate formats., resulting in 
inefficient utilization of the available power/bandwidth. 
Also, these modulation schemes tended to be less than 
satisfactory in terms of battery consumption, and do not 
lend themselves to simultaneous transmission of differing 

10 data' types'. 

Many types of RF telemetry systems are known to be 
used in connection with implantable medical devices, such 
as cardiac pacemakers. An isxample of a pulse interval 
modulation telemetry system used for transmitting analog 

15 and digital data, individually and serially, from an 
implanted pacemaker to a remote programmer is disclosed 
in U.S. Patent No. 4,556,063 issued to Thompson et al., 
herein incorporated by reference. An example of a modem 
pacemaker programmer for use with programmable cardiac 

2 0 pacemakers having RF telemetric capabilities is disclosed 

in U.S. Patent No. 4,550,370 issued to Baker, herein 
incorporated by reference. However, the telemetry format 
which is used under these systems, as well as other prior 
telemetry systems, have not been entirely adequate for 
25 reasons described above and a need for significant 

improvement has continued. As will become apparent from 
the following, the present invention satisfies that need. 

SUMMARY OF THE INVENTION 
The present invention percutaneously transmits all 

3 0 data from the implantable medical device in a digital 

format. it is pulse position modulated on an RF carrier. 
To accomplish this, the analog quantities must be 
converted to digital values either at the time of 
transmission, such as for real-time intracardiac 
35 electrocardiograms, or before storage in the memory of 
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the device, as in the case of historical values of pacing 
rate for subsequent transmission for trend analysis • 

Whether the data to be sent is initially analog or 
digital, it is transmitted in the same format, i.e., as 
5 digital information. The RF carrier is pulse position 
modulated to conserve battery energy. In this manner, 
only a short burst of the carrier, e.g., one cycle, is 
actually needed to transmit a given unit of data. The 
time position of that burst relative to a synchronizing 
10 standard determines the value of the data unit 
transmitted. 

To accomplish this pulse position modulation, a 
frame of about 2 milliseconds is defined. Within this 
frame are positioned a synchronizing burst, a frame 

15 identifier burst, and one or more data. bursts. The 

synchronizing burst is positioned at a fixed position in 
the frame. The frame identifier and data are variables, 
such that the corresponding bursts occur within a range 
of time within the frame. The range in which a burst is 

20 found defines the nature or type of the variable. The 
position in the range defines the value of the variable. 

Because all data transmission is in a digital 
format, great flexibility is achieved with regard to 
additional units of data for future applications. The 

25 use of the standardized format and capability of encoding 
more data into a single pulse also decreases the overall 
battery current requirements and serves to level the 
energy demand over time. Transmitting the analog data in 
digital form provides enhanced noise immunity and 

3 0 accuracy. 

The transmission protocol provides data rates which 
are sufficient to transfer clinically useful EGM 
information in real time. Because each frame is 
independent, data quantities of varying precision can be 
35 transmitted using the same protocol. This modulation 
scheme provides flexibility of use, for example, with 
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complex medical devices where transmission of increased 
volumes of data is desirable in real time, such as 
cardiac devices having dual-chamber or multisensor 
capabilities, and for controlling particular conditions 
5 such as tachyarrhythmia. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be better understood, and 
its attendant advantages will be readily appreciated, by 
~^®f^^^nce to the" accompanying drawings when taken in 
10 consideration with the following detailed description, 
wherein: 

FIG- 1 is a simplified schematic view of an 
implantable medical device employing the improved 
telemetry format of the present invention; 
15 FIG. 2 is a conceptual view of one frame of the 

improved telemetry format of the present invention; 

FIG. 3 is a view of the actual transmission pattern 
of two frames of the improved telemetry format; 

FIG. 4 is a block diagram of a portion of an 

2 0 implantable medical device for implementation of the 

improved telemetry format; 

FIG. 5 is a simplified flowchart showing the basic 
function of software to perform the telemetry uplink 
operation of the improved telemetry format; 
25 FIG, 6 is a block diagram of the circuitry of the 

telemetry uplink hardware for implementing the improved 
telemetry format; 

FIG, 7 is a block diagram of the circuitry of the 
telemetry timing for implementing the improved telemetry 

3 0 format; and 

FIG. 8 is a schematic diagram of the driver 
circuitry for implementing the improved telemetry format. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A preferred embodiment of the present invention is 
disclosed relating to use of the improved telemetry- 
format with an implantable cardiac pacer, which may be 
5 programmable. However, those of skill in the art will be 
readily able to adapt the teachings found herein to other 
implantable medical devices. It will also be understood 
by those of skill in the art that the telemetry format 
taught herein can be used for bi-directional 

10 communications between an implanted medical device and an 
external device. 

PIG. 1 is a simplified schematic diagram of the 
present invention as employed in a cardiac pacing system. 
An implantable pulse generator 10 is implanted in the 

15 patient under the outer skin barrier 28. Implantable 
pulse generator 10 is electrically coupled to the heart 
of the patient using at least one cardiac pacing lead 12 
in a manner known in the art. Percutaneous telemetry 
data is transmitted from implantable pulse generator 10 

20 by an RF uplink 26 utilizing the improved telemetry 

format to a receiving antenna 22, which is coupled to a 
programmer 20 via a cable 24. Receiving antenna 22 also 
contains a magnet which activates a reed switch in 
implantable pulse generator 10 as a safety feature, as 

25 taught in U.S. Patent No. 4,006,086 issued to Alferness 
et al., herein incorporated by reference. The telemetry 
data is demodulated and presented to the attending 
medical personnel by programmer 20. 

FIG. 2 is a schematic diagram of the protocol of rf 

3 0 uplink 2 6 using the improved telemetry format. The 
uplink uses a damped 175 kilohertz RF carrier which is 
pulse position modulated, as described in detail below. 
Shown at 30, the basic timing unit of the format is a 
frame, having a duration of t^. It will be understood by 

3 5 those skilled in the art, however, that the present 
invention can be practiced using fixed-length frames 
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having periods of shorter or longer duration. In the 
preferred extibodiment , the main timing source of 
implantable pulse generator 10 comprises a standard 
32,768 kilohertz crystal clock which provides a basic 
5 clock cycle of 3 0.52 microseconds. Thus, a frame 

comprised of 64 clock cycles and extending over a fixed 
time interval of 1.953125 milliseconds is a convenient 
frame period, since such frame period is a binary 
multiple of the basic clock cycle. 

- ^-P^ - - A. unique. synchronizing signal is- positioned within a ~ 

first fixed range of each frame 30. This signal 
comprises a synchronizing RF pulse 32 which is located at 
a time t^, within frame 30. To properly function as a 
synchronizing pulse, it must be located at a fixed point 
15 within the first fixed range of frame 30, as shown at 34. 
A four-bit frame identifier code is positioned 
within a second fixed range of each frame 30, such second 
fixed range comprising an identifier range 38. 
Identifier range 38 uses a total of eleven basic clock 
20 cycles as shown. This identifier code comprises an 

identifier RF pulse 3 6 which is pulse position modulated 
within the identifier range 38. The position of 
identifier pulse 36 within identifier range 38 identifies 
the nature or type of data found within each frame 30 
25 which is being transmitted, such as peak sense, peak 
pressure, sense threshold and others, as described in 
further detail below. Shown at 40, time interval t^ thus 
uniquely represents the value of identifier pulse 36, 
which value in turn identifies the data type being 
3 0 transmitted within frame 30. 

Each frame 30 transfers one eight-bit byte of data 
along with the identifier code. This data is divided 
into two portions comprised of four bits of data each. A 
first portion of this data, namely the four least 
3 5 significant bits of the data byte, is positioned within a 
third fixed range of frame 30, such third fixed range 
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comprising a lower nibble range 44. A second portion of 
this data, namely the four most significant bits of the 
data byte, is positioned within a fourth fixed range of 
frame 30, such fourth fixed range comprising an upper 
5 nibble range 48. 

A lower nibble pulse 42 is pulse position modulated 
within lower nibble range 44, such that its value is 
uniquely identified by its location, such as at a time t, 
shown at 45. An upper nibble pulse 46 is also pulse 

10 position modulated within upper nibble range 48, such 
that its value is uniquely identified by its location, 
such as at a time shown at 50, Lower nibble range 44 
and upper nibble range 48 each comprise sixteen basic 
clock cycles, permitting each of the sixteen unique 

15 values of the four-bit nibble to be specified. To 

prevent data overlap, suitable guardbands are positioned 
between each of the ranges within the frame to uniquely 
identify the synchronizing pulses, thereby avoiding 
undefined and erroneous data transmission. 

2 0 PIG* 3 is a diagram of two frames of RF uplink 26, 

wherein a first frame corresponds to Word 1 shown at 70, 
and a second frame corresponds to Word 2 shown at 72. A 
count of clock cycles is indicated along an upper 
horizontal axis of this diagram for each frame. Each 
25 basic clock cycle has a duration of 30.52 microseconds. 
The first frame at 7 0 is initiated by an RF pulse 52. A 
synchronizing RF pulse 54 is shown uniquely identified as 
precisely four clock cycles later. Because the 
guardbands are all greater than four clock cycles, no 

3 0 combination of a frame identifier and data can appear as 

a synchronizing pulse. Synchronizing pulse 54 is used to 
provide frame synchronization between the transmitter 

(i.e., implantable pulse generator lO) and the receiver 

(i.e., programmer 20). 
35 An identifier RF pulse 56 is located within 

identifier range 38, which range is defined as nine to 
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nineteen basic clock cycles from the beginning of frame 
70. In Word 1, for example, identifier pulse 56 is 
located at clock cycle nineteen. This identifies the 
frame as a particular type of data transfer, namely, 
5 "Sense Threshold" as indicated in Table 1 below. 

TABLE 1 



Position Identification 



15 



9 


Memory 


10 


Idle 


11 


EGM-1 


12 


Markers 


13 


Peak Sense 


14 


Pressure Waveform 


15 


Peak dp/dt 


16 


Peak Pressure 


17 


Delta Capacitor Voltage 


18 


Activity Counts 


19 


Sense Threshold 



A lower nibble RF pulse 58 is located within lower 
nibble range 44, which range is defined as twenty-four to 
thirty-nine basic clock cycles from the beginning of 
frame 70. in Word l, for example, lower nibble pulse 58 

25 is located at clock cycle thirty-one, specifying a binary 
value of seven on a scale of zero to fifteen. An upper 
nibble RF pulse 60 is located at clock cycle fifty-eight 
within upper nibble range 48, which range is defined as 
forty-four to fifty-nine basic clock cycles from the 

30 beginning of frame 70, and is demodulated in similar 
fashion. 

FIG. 4 is a block diagram of that portion of 
implantable pulse generator 10 which is associated with 
formatting and transmission of RF uplink 26. Most of the 
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unique hardware which embodies the present invention is 
located on a single substrate, being a custom chip device 
indicated generally by arrow 105* The remainder is 
microprocessor-based logic indicated generally by arrow 
5 100, comprising microprocessor 102, random access memory 
(RAM) 104, and parallel bus 10 6, The function of 
microprocessor-based logic 100 is described in further 
detail below . 

Chip 105 has an analog-to-digital (A/D) converter 
10 108 which receives a number of analog inputs lio from a 
multiplexer (not shown) . A/D converter 108 permits data 
to be transferred via RF uplink 2 6 to be digitized as 
necessary, so that all data is transmitted in a 
standardized digital form; 
15 Circuitry (CRC) for generating and analyzing the 

cyclic redundancy code used to forward error detect 
telemetry data transmitted over RF uplink 2 6 is indicated 
at 112* In the preferred embodiment, it is also used for 
data received by implantable pulse generator 10 via a 

2 0 downlink (not shown) . Circuitry (DMA) for providing 

direct memory access to RAM 104 is indicated at 114, thus 
permitting multiple byte transfers without constant 
management by microprocessor 102 • 

Key hardware used to implement RF uplink 2 6 
25 comprises telemetry control and data buffer circuitry 
indicated generally within dashed lines at 121, which 
circuitry includes data buffer 116 and telemetry control 
120, and up-link timing circuitry 118, Data buffer 116 
includes storage for twelve bits of data. This storage 

3 0 is partitioned into a four-bit section 119 for storage of 

the frame identifier code, and an eight-bit section 117 
for storage of the lower nibble and upper nibble of a 
frame. Data buffer 116 thus stores all of the variables 
for one complete frame. Data buffer 116 is used to stage 
3 5 the variables for the frame which may be received from 
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RAM 104, A/D converter 108, CRC 112, or elsewhere along 
parallel bus 10 6, 

Telemetry control 120 consists primarily of a 
telemetry status register. This register stores the 
5 telemetry commands and status as loaded by microprocessor 
102. The contents of the register are thus used to gate 
the data at the proper time of the defined protocol. 

Up-link timing lis decodes the twelve bits of data 
stored in data buffer 116 to produce a set of timing 

--10 signals which- key- bursts- of ~RF energy at the "appropriate" 

times to pulse position modulate the 175 kilohertz 
carrier. Up-link timing 118 also keys bursts of RF 
energy at the fixed positions within the frame 
corresponding to the frame-initiating pulse and the 
15 synchronizing pulse. 

PIG. 5 is a basic flowchart showing the overall 
function of the microprocessor-based logic 100. The role 
is essentially one of initiation of the transfer, rather 
than management of each detail of the transmission. 
20 Software associated with RF uplink 2 6 is started at 

element 130, usually by a down-linked command to transfer 
data . 

Element 132 schedules the requested transmission via 
the up-link facilities. This scheduling prioritizes 
25 uplink transmission requests. Lower priority is given to 
continuous real time transfers, such as EGM and battery 
voltage, whereas higher priority is given to single 
occurrence transmissions of status information. 

After scheduling, element 134 determines whether an 
30 uplink transmission is currently in progress. if an 
uplink transmission is in progress, element 132 re- 
schedules the request. 

If an uplink transmission is not in progress after 
scheduling, element 136 initiates the uplink transmission 
3 5 by activating telemetry control 12 0. Exit is via element 
138. While some additional management of the process is 
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required during the transmission, a description of such 
further details has been omitted, since it is not 
believed necessary to one skilled in the art to fully 
understand the present invention. As to the software 
5 associated with the uplink transmission, however, a 
source code listing of the pertinent sections of such 
software has been attached hereto as Appendix A, and is 
incorporated by reference herein. 

FIG, 6 is a block diagram showing the major data and 

10 control signals of telemetry control and data buffer 121 
(which includes data buffer 116 and telemetry control 12 0 
shown in FIG. 4), and also of up-link timing 118. A 
primary function of data buffer 116, as indicated above, 
is the staging of the twelve variable bits of a given 

15 frame which correspond to a four-bit frame identifier ID, 
and dual-nibble data comprising a four-bit lower nibble 
LN and a four-bit upper nibble UN. The data is received 
over an eight-bit, parallel bus 159 and can be from any 
one of several sources. Control lines EGMDATA at 150, 

20 PRSDATA at 151, DLDMA at 153, DMADS at 155, LDANDAT at 
15 6, ENCRC at 161 and LDCRC at 171 specify the source. 
The output of A/D converter 108 of FIG. 4 is presented 
separately to data buffer 116 as an eight-bit parallel 
transfer to ADC(0-7) at 154 (see PIG. 6). The output of 

2 5 CRC 112 is presented separately to data buffer 116 as an 
eight-bit parallel transfer to CRC (0-7) at 160, since 
those devices are located on the same substrate. 

Telemetry control 12 0 outputs a number of control 
signals, including EGMGAIN at 162, RVPGAIN at 163, 

30 EGMTELEN at 164, ANULON at 165, RAMULON at 166, MEMEN at 
167, PRSTELEN at 168, HDRCRCEN at 169 and EGMNPRS at 170. 
These control outputs are used to enable and control 
inputs to data buffer 116. The key outputs of telemetry 
control and data buffer 121 are TELRST at 182, which 

35 resets up-link timing 118 and initiates the beginning of 
a frame, and a parallel data transfer at 184, which 
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transfers the frame identifier id, lower nibble LN and 
upper nibble HN to up-link timing lis. 

Up-link timing lis receives the frame-initiating 
control signal TELRST at 182 and the parallel data 
5 transfer (ID, LN and UN) at 184. A primary function of 
up-link timing lis is to key the transmission of 175 
kilohertz RF energy at the proper times to indicate start 
of frame, frame synchronization, frame identifier, lower 
nibble and upper nibble. Timing for this function is 
10 provided by-the 3 2.768- kilohertz crystal clock to up- ' 
link timing lis with clock signal XTAL at 18 6. An output 
TELCLK is provided at 188 which keys the actual burst of 
RF carrier at the proper times. 

FI6. 7 is a block diagram of up-link timing lis. A 
15 frame timing generator 202 provides the desired timing 
for a frame according to clock input XTAL at 186, in a 
manner hereinabove explained. Thus, each frame is 
comprised of sixty-four basic clock cycles. The process 
is initiated by receipt of the frame-initiating control 
20 signal TELRST at 182, which enables uplink when in a low 
state and disables uplink when in a high state. The 
initial clock cycle of a frame contains a burst of RF 
energy which is keyed by control signal TELCLK at 188, 
which is also used to trigger the start of the data 
25 decoding by an uplink word multiplexer 200. 

After the proper four-bit quantity is selected 
(i.e., frame identifier ID first, lower nibble LN next, 
and upper nibble UN last), a telemetry pulse timer 204' 
determines the appropriate timing for a burst to be 
30 provided to frame timing generator 202, and a 

corresponding burst of RF energy is keyed. Each of the 
four-bit quantities thus results in the keying of a burst 
of RF energy at the appropriate time within each frame. 
Fie. 8 is a circuit diagram for the drive circuit 
35 for generating the RF carrier. A control signal TELCLK 
at 188 provides the timing information for keying the 
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carrier. A non-overlap generator 22 0 functions as a 
delay device to save current by preventing output 
transistors 2 30 and 232 from conducting simultaneously. 
Every transition of control signal TELCLK at 188 causes 
5 one transition by non-overlap generator 220. Inverters 
222, 224, 226 and 228 are scaled to provide efficient 
switching with sufficient drive to the gates of 
transistors 230 and 232. - Transistors 230 and 232 drive 
the signal off of chip 105 to ANTDR at 23 4 to an antenna 
10 circuit. A tuned circuit of discreet components, 

capacitor 23 6 and coil 238, are located external to chip 
105. Each transition thus causes this tuned circuit to 
resonate at 175 kilohert^, thereby generating one uplink 
burst. 

15 While the invention has been described above in 

connection with the particular embodiments and examples, 
one skilled in the art will appreciate that the invention 
is not necessarily so limited. It will thus be 
understood that numerous other embodiments, examples, 

2 0 uses and modifications of and departures from the 
teaching disclosed may be made as to various other 
systems for telemetering data to and from an implantable 
medical device, without departing from the scope of the 
present invention as claimed herein. 
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;Valfd Permanent progranming 
; occurred. 

;Reset Inhibit featured 
; - used in validate message 
;Reset pace trigger featured 
; - used in validate message 
.-Single Peak sense measurement 
; requested from progranroer 
;Uplink confirmation required 
;on next event. 



t - 


ULIO 






CRC^error 
uplink memory 
uplink_CRC 


EQU 
EOU 
EQU 


5 
6 
7 


;CRC error indicator 

; Uplink include memory block 

;UpHnJ; includes CRC and header 


* 


Uplink^ 


.flags 





uplnk^disabled EQU 

uplink_bsy Eou 

Lp.ram^pnd EOU 

up_stat_pr)d EQU 

intrrg_pnd EQU 

I c ap^mr k r_pnd E GU 

mrkr_^nd EQU 

meas^pnd EQU 

UPLHK GN SET EQU 



;Uplink is disabled 
;Uplink channel is busy 
;RAM tplinfc pending 

; Interrogate data uplink pending 
;Loss of capture marker uplink 
;pending 

;Event marker uplink pending 
;Measured value uplink pending 



(2ruplnk_disabled ♦ 2rupl ink^bsy) 

;Disable uplink^and set busy 
,-for gain of signal 



Uplink__st8t equates 



pageO.urite 
magnet^applicd 
checksLin_error 
POR^oc cured 

UPLMi:_CLR_HSK 

UPLMC^POR MSK 



EOU 4 

EQU 5 

EOU 6 

EQU 7 

EOU 11110000B 

EQU 11000000B 



;Urite occured on page 0 
;Reed switch is closed 
;Ram checJcsun error flag 
;P0« flag 

;Clear error bits In uplink 
;stat 

;Init mask used during POR 



Downlink Control Byte equates 
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S0066 

sOOEE 

«OOCC 

=0077- 

=0000 

=0080 
=0000 
=0040 
=0000 



494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 



Telemetry equates 



( 
1 


Marker 


values 


HK REPRAC SEMSE EQU 


66K 


HK SEHSE 


EQU 


OEEH 


MK PACE 


EQU 


OCCH 


MK LOC 


EOU 


77H 


kOrJggered 


ECU 


ODOH 


UP CRC 


EQU 


80H 


up'ncjcrc 


EQU 


0 


UP^MEH 


EQU 


40H 


UP NOHEK 


EQU 


0 



;Ventrical refractory sense mJcer 
;Ventric&l sense marker 
;Ventrical pace marker 
;Loss of capture marker 
;Trtgsered pace marker 

rUplink CRC val for ULID regist 
jUplink no CRC val for ULIO res 
;Uplink mem val for ULID regist 
;Uplink no mem val for ULID 
;register 





517 


; ID code and 


CRC bits 




518 






=0080 


519 


STATUS^IO 


EOU 


=ooco 


520 


RAH id" 


EQU 


«0043 


521 


MARKER ID 


EQU 


=0044 


522 


PKSEHSE !0 


EQU 


=0046 


523 


PKDPDT Td 


EQU 


"0047 


526 


PKPRESS ID 


EQU 


=0048 


525 


DLTAVOLT ID 


EQU 


=0049 


526 


ACTCHT ID 


EQU 


=004 A 


527 


SENSTHRS ID 


EQU 



UP_CRC + 
UP"CRC + 

upInocrc 

UP NOCRC 

up'nocrc 

UP HOCRC 

up"hocrc 
up"nocrc 



up hoheh 
up""heh 
+ up heh 
+ up"heh 
+ up~heh 

+ UP~MEK 

up"heh 
up""mek 



(•Confirmation ID 
;RAH uplink ID 
;Harker channel ID 
;Heasure value IDs 



528 
529 
530 
531 
532 
533 



10 ♦ UP NOCRC + UP HEM 



Misc. telemetry equates 



=00C3 


534 


ACCESS CCOE 


EQU 


0C3H 


=0083 


535 


RH_,HCOEL_I0 


EOU 


10110011B 




536 








=0027 


537 


IHTRRC SIZ 


EQU 


39 


=0080 


538 


MAX_HEMR£AD 


EQU 


128 




539 








= 000F 


540 


PCO 


EQU 


OFH 


=0001 


541 


PG7 


EQU 


1 


X0002 


542 


PG8 


EQU 


2 


=0004 


543 


PG10 


EQU 


4 




544 








=0003 


545 


DKLK EXTRA LEM EOU 3 






546 








• 0001 


547 


DKLK_CB_IHDX 


EQU 1 






548 










549 










550 


; Emergency values 






551 








»:0041 


552 


EMG_PV 


EQU 


41H 


•0018 


553 


EHG~AHP 


EQU 


18H 




554 










555 








•0023 


556 


HICH^RATE 


EQU 


23H 




557 








«001E 


558 


UPLIK)C_DELAY 


EOU 


lEH 




559 










560 








«0003 


561 


UPSTAT_DELAY 


EOU 


03H 



jTelemetry access code for IPG 
;IPG model l.D. value, model 8444 

;Siie of interrogate block 
;HaximLni memory block read size 

;Control byte Page 0 ID 
;Controt byte Page 7 ID 
;Control byte Page 8 ID 
;Control byte Page 10 ID 

;Hessage overhead (sub from 
;IIW bytcount) 

; First val field In downlink 
;message 



jEmergency Pulse Width C2ms) 
; Emergency pulse enplitude 
;(6.0 Volts) 

;Kighest rate thmt uflt allow 
;fuU RAH Lplink (170ppn) 
;HinimLn time before next 
; scheduled event 
jneeded for RAM uplink C300ms) 
;MinimLin time before next 
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264 * * 

265 POR and Executive Macros « 

266 ;•*•••••*••••••♦*••*•••*•*•*•*♦•••••*•*••.*.•.•.*•*•..•••••♦•♦♦• 

267 

268 ;9««-*«««***«**««**»*«** cHECi: RARICER UPLIHJC •*•••**•••••««••••• 

269 ;9* ■ • 

270 ;a* Determine which marker code to ijplinl: while in magnet mode or • 

271 ;S* extended telemetry. If RAM uplink it in progress, the marker • 

272 ;S* will be igoored. * 

273 ; a* 

274 EMTRT COMDITIOMS: 

275 ;S* A pace/sense or refractory tensed event is being processed. * 

276 ■ ;a» PACESTAT indicates if the event was refractory, * 

277 ;a* 

278 ;a» EXIT CONDITIONS: 

279 ;B* If maker channel is active and a valid marker is detected; • 

280 ;a* a marker is tpl inked. • 

281 ;B* 

282 

283 

2W ; 

285 ;a MACRO CHECK KARJCER_UPLINK 

286 ;S BEGIN 

267 ;t (• check for marker uplink *) 

288 ;a IF Cmarkers_flat.ive. of. mag flags) THEM 

289 ;a BEGIN 

290 ; 

291 ;CK£C»: MARKER UPLINK XMACRO 

292 rCMU_START 

293 ; ;Jump if marker channel NOT active 

294 ; BRCLR markers active, mag flags,CMU END 

295 ;; t T 7 

296 ;;a IF C<ref ractory^evnt of PACESTAT) 

297 ;;a AND (sensed^evnt of exec flags)) THEM 

298 ;;a BEGIN {• Refractory sensed event •) 

299 ;;a IF ( C timeout ^ int - event time) > 1) THEN 

300 ;;a x :« MK REfRAC SENSE; 

301 ;;a ELSE 

302 ;;3 EXIT; 

303 ;;a END; 

304 ;; 

305 ; ;JurTp if NOT refractory sensed event 

306 ; BRCLR ref r act ory_evnt, PACE STAT, CHU WT 

307 ; BRCLR sensed evnt,exec flags.CMU WT 

308 ; LOA timeoot_int 

309 ; sua event^tTme 

310 ; CMP (Ifl " ;ls there enough time for marker uplink? 

311 ; 8LS CMU END ; Mo. just exit 

312 ; LDX «HK~REFRAC_5£NSE 

313 ; BRA CHU^UL " ; Yes, load marker and go uplink it 

314 

315 ;;a ELSE IF ((paced evnC of exec flags) AND 

316 ;;a (s ens ed'evnt of exec'flags)) THEN 

317 ;;a BEGIN 

318 ;;a (• WT mode, if triggered event send a triggered marker, 

319 ;;a unless output is inhibited then send sense marker. *) 

320 ;;a 

321 ;;a IF KOTCirrfiibit of tlm_flags) THEN 

322 ;;a x MK TRIGGERED; 

323 ;;a ELSE 

324 ;;a x t» MK_SENSE; 

325 ;;a END; 

326 ;; 

327 ;CMU_WT 

328 ; ;JLnp H NOT both pace and sense 

329 ; BRCLR paced evnt,exec_f lags.CMU.CKPACE 

330 ; BRCLR sensed_evnt,exec_f lags,ClW_CKPACE 

331 ; ;Check for output inhibited 



^^''^^^'^^^ PCr/US9I/00309 

-18- 



Avocet 6505 Assetrbler v2.20, #01002 ChiprU6S05 iQ/l?/fto nn rr. 

»»>»... R2 EXECUTIVE «x««=«r=™„«„ pue: POREXEC.ASH 1D/12/B9 OB: 12:32 

SRevision: 3,0 S e=s»«a««»s Page-? 

; BRCLR <nhIbit_enabled,tlm_flags,C«U IHHBT 

LDX *M>:,SEMSE ; If not, set i^nse marker 

m ' fiRA CTU.UL ;Co Lplink it 

335 ;CHU_IHHBT 

5^ ' " ^■P'f iWK.TRICGERED ;EUe get trigaered marker 

III * BRA CHU_UL ;And send It 

33? ELSE IF ((paced evnt of exec flags) 

AMD (KOTdnhlbit of'tlm flags))) THEH 
J74 '''5 <• pacing U not Inhibited, send a PACE marker. ») 

;;S X :« MK PACE; 

343 ;; 7 1 

344 .-CXU.CKPACE. _ _ „ ^ . ~- 

' ;J<Jip if HOT paced or if inhibited 

; BRCLR paced_evnt,exec flags, CHJ CKSEMSE 

J7i ' BRSET irhibit.enabled,tlm flagsTocJ CICSEHSE 

^? LOX m_PAC£ ;Elfie get marker code 

m ? BRA CW.UL ;And send it 

350 ; ; . 

5^1 ELSE IF (sensed evnt of exec flags) THEH 

352 ;;S x :« HJC SEHSE; 

353 ;;D ELSE 

354 ;;a (« No marker to uplink exit macro •) 

355 ;;a EXIT; 

356 ;; 

357 ;CMU__C)CSEHSE 

5ff ' ;JiJnp if not sensed event 

XlZ * BRCLR sensed evnt, exec flags.CMU EHD 

3f0 ; LOX #HK_SENSE ;Else get marker value 

36 1 *r"*"*"'"""""""~"""~-~----»*------------»--»«------.-__,... 

362 ;;S {* Uplink marker code •) 

363 ;;a CALLH UPLIHC MARCERCx); 

364 ;;a END; (* marker"channel active *) 

365 ;;a 

366 ;; 

367 ;C«U_UL 

; " UPLIHK.HARKER ;Ul ink marker (value in x) 

369 ;CHU END 

370 ; " XEMDH 

371 ; 

372 ;a EMD; C* CHECK_MAR)CER UPLIHK *) 

373 ; 7 

374 

375 SEJECT 
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480 
481 
482 
483 
464 
485 
486 
487 
488 
489 
490 
491 
492 
493 
49A 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
5U 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 



a* 
a» 

a* 

9* 

a* 
a* 
a* 
a* 
a* 
a* 
a* 
a*. 



This macro uplinks event narkers if the chamel is free. 

EHTRY COHOITIOMS: 

This routine expects x to contain the marker value to be 
uplinked. 

EXIT COMOITIOMS: 

If the uplink channel is available It is captured and the 
iwrker Is uplinked. If the charrwl is busy and there are 
no pending markers the Kiarker is flagged pending for tplink 
at the end of the current ipllnk. 



UPLINK MARKER XMACRO 



a MACRO UPLIHK KARKER; 
8 BEGIN 

disable Interrupts; 

(* Check if uplink channel is available *) 
IF NOKuplnk^disabled of uplink flags) THEM 
BEGIN 

IF HOT(upllnk_bsy of uplink flags) THEN 
BEGIN 

(* If Uplink channel is free then uplink marker ♦> 
uplink^bsy of uptink^flags :» TRUE; 
enable interrupts; *~ 
marker^val :« x; 
TELADhT := HIADDRCmarker val); 
TELADLO :« LOADDR<niarker"vel ); 
BYTCOJNT IS 1; 
UlID :* MARKER ID; 
RAM^uplink of TELSTAT TRUE; 
END; 



UPM START 



UPLMARKER 



SEI ;Disable interrupts 

;JijTp if uplink disabled 
BRSET tJplnk_disabled,uplink_flags.UPLMOONE 

;JufTp if i^Unk BUSY 
BRSET upl i nk_bsy , upl i nk_f I ags ,UPL_BSY 

Uplink NOT busy 



BSET 

CLl 

STX 

IDA 

STA 

LOA 

STA 

LDA 
STA 

LDA 
STA 

BSET 
BRA 



;Flag uplink busy 
up I i nk^bsy , up 1 1 nk_f lags 

;Enable Interrupts 
marker_val ;Put marker value in buffer 
#HIGH marker_val ;Cet MSB of buffer oddress 
TELADHI ;Urite it to hardware 

#LOW marker val ;Get LSB of buffer address 
TELADLO " ;Etc. 



tl 

BYTCOUHT 



;Get output count 

;Urlte to hardware count register 



#KARKERJ0 ;Get ID code 

ULIO ;Tell the hardware 

;Start the uplink 
RAM upl Ink, TELSTAT 
UPLMOONE 



ELSE 
BEGIN 
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^* ~ markerc »re pending the flog ooe pending •) 
mrkrjxTd of uplink^f lags :« TRUE; 
;;b marker val x: 

551 ;;a ehd; 

552 ;;a ekD; 

553 ;;a enable fnterrupts; 



554 ;;a 
555 



556 ;; uplink BUST 

557 ;; 

558 ;UPL_BSY 

III : l^l^ -rkr^ind^uplink^flags ; Flag marker pending end 

ll\ : marker_val -store marker in the buffer 

562 ' -UPLKOOKE 

lu ; ^ioH ;Enable interrupts 



565 ; 

566 ;S EHD; (• UPLIHK^HARKER •) 



567 
568 

569 SEJECT 
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1816 ;a***** UPLIMK IHTRRG ** 

1817 ;a* 

1818 ;9* This macro uplinks the interrogate block of size INTRRG SIZ and * 

1819 starting at the Address pointed to by IKTRRG AD If the uplink 

1820 charv^l Is free. Otherwise, If there Is no RAH iplfnk, the 

1821 ;d* interrogate block Is set pending and is scheduled vis the next * 

1822 ;a* TELBF Interrtpt, occurring when the uplink channel becomes * 

1823 ;9* free. All other uplinks have to be disabled while checking the * 
182A ;a* L^link flags to avoid contention of the uplink channel. * 

1825 * 

1826 ;a« EMTRY COMDITIONS: • 

1827 ;a« Hone. * 

1828 :a* 

1829 ;a* EXIT COHDITIOHS: 

1830 none. 

1831 ;a* 

1832 ;a ♦♦*• 

1833 

183^ ? 

1835 ;SHACRO UPLIHK IKTRRG; 

1836 ;aBECIN 

1837 ;a (* Capture uplink channel - If busy set interrogate periding •) 

1838 ;8 disable interrupts; 

1839 ;a IF H0T(uplnk_di5abled of upl ink_f lags) THEK 

18i0 ; 

1841 ;UPUIHK IHTRRG XHACRO 

1842 ; ~ SEI ;Oissable interrupts 

1843 ; BR5ET uplnlc_disabl ed.upl ink flags.Ul END 

;; " - 

1845 ;;a BEGIH 

1846 ;;a IF HOT(upl ink_bsy of uplink flags) THEH 

1847 ;;B BECIM 

1848 uplink_bsy of upl ink_f lags :* TRUE; 

1849 ;;a enable interrupts; 

1850 ;;a statbyt uplnk stat; 

1851 ;;B CAUM LOAD IKTRRG UPLIKK UITHIH R2LIB; 

1852 ;;a RAH_upl ink"of TEUSTAT :« TRUE; 

1853 ;;S EKO; 

1854 ;; 

1355 ; BRSET upl ink_bsy, upl ink_f lags, Ul^UBST 

1856 ; BSET upU nk_bsy, upl ink_f lags 

1857 ; CLl ;Enable interrupts 

1858 ; LDA uplnk_stai 

1859 ; STA statbyt ; Initial ixe the uplink status byte 

1860 ;U1 LIU 

. 1861 ? " LOAD IHTRRG UPLIHK 

1862 ;UI LIU EHO 

1863 ; " " BSET RAH uplink, TELSTAT 

1864 ; BRA UI END 

1865 ;; " 

1866 ;;a ELSE 

1867 ;;a intrrg_pnd of uplink flags :« TRUE; 

1868 ;;a END; 

1669 ;; 

1870 ;Ul USSY 

1871 ; BSET - intrrgjjnd.upl ink flags 

1872 ;; " 

1873 ;;a enable interrupts; 

1874 ;;S 

1875 ;; 

1876 ;UI_EH0 

1877 ; " CLI ;Enable interrupts 

1878 ; XEKDM 

1879 ; 

1880 ;aEKD; C UPLIHK IHTRRG *) 

1881 ; 

1882 

1883 SEJECT 
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A09 ;»•••*••****•*•..»••.••••• UPLIHK LCAP MARKER •****•***»•••***•*•.•.•.. 

410 ;a* " - ^ 

411 This macro upUnfcs loss of cipture markers. • 

412 ;a« 

413 ;S* EHTRY COHDITIOHS: 

4U ;S* uneter magnet operatfons, the LSCAPIHT interrupt f» used for 

415 the uplink of LOC warkers if the channel is free. 

416 ;a* 

417 ;a* EXIT COHDITIOHS: 

418 Hone, 
419 

420 ;a**"**»********************«**.**«*«**«««..«*.«»,,.»»„.**«.„„.,„ 

421 

422 ----- „ 

423 ;a MACRO UPLIHK LCAP MARKER; 

424 ;3 BEGIH 

425 ;a 

*26 ;a disable interrupts; 

*27 ;a IF WOT (Lplnk^disabled of uplink flags) THEH 
428 r..,......^...._. 

A29 ;UPLIK>: LCAP MARKER XMACRO 

430 ;ULK_^5TART 

' SEI ;Di sable interrupts 

A32 ;ULK_IHT 

' ;Juip if HOT (HOT uplnk disabled) 

)ll ' BRSET uplnlt_disabled,uplinfc fla9s,ULH DOME " 
; ~ 

436 ;; 

*37 ;;a BEGIN 

438 ;;a IF WOT(upl ink^bsy of upl ink^f lags) THEM 

f^? • ;JLiip if uplink busy 

77l ' BRSET uplink^bsy, uplink flags, ULH LCP 

442 ; ~ 

443 ;; 

;;a begin 

^f? <• If Uplink channel is free then unlink n^rVmr *\ 
upUnk_bsy of uplink flags := TRUE;* 

;;a enable interrupts; 

''^ TELADHI := HlAODR(LCAP MARKER); 

7*9 TELADLO := LOADDR{LCAP"mARKER); 

<50 ;;S BYTCCUHT := 1; 

*51 ;;a ULIO := MARKER_ID; 

f52 ;;a RAH^uplink of TELSTAT := TRUE; 

*53 ;;a END; 

454 ;; 1 

» BSET uplink^bsy.uplink^flags 

,\% ' C"-' ;Enable interrupts 

; LDA #HIGH Icap.marker ;Get *ddress MSB 

: TELADHI ;write to controller register 

' >-DA fLCW lc»p_marker ;Get address LSB 

7?4 STA TELADLO ;Urite to control ler 

tfl LDA #1 -Get byte count 

STA 8TTC0UNT ;Wri te to control ler 

*W ; LDA 4WARKER 10 -Get ID 

fff STA ULID ~ ;Write to controller 

7fS BSET RAM_upUnk, TELSTAT ;Start uplink 

; BRA ULM.DONE ;Thats all folks 

468 ; 

469 ;; 

470 ;;a ELSE 

471 ;;B BEGIN 

*2 I^ markers are pending the flag one pending •) 

Zlr Icap^mrkr^pnd of uplink flags :» TRUE; 

474 ;;a END; 

475 ;;a END; 

476 •; , 



- wo 91/10471 



-23- 



PCr/US91/00309 



Avocet 6805 Asse<rbler v2.20, #01002 Chlp=U6805 10/12/89 0aM5-30 

«.«.ssss» R2 LSCAP IMTERRUPT MODULE File: LOC-ASM pigell 

«3==3x==s= SRevisfon: 3.0 S b«b==s:=ss3== 



477 ;ULH_LCP 

: ;J»^ leap marker pending 

A7V ; BSET leap mrkr^pnd.i^jl ink flags 

A80 ; 

«8i - - 

482 ;;a enable Interrupts; 

483 ;; -T 

484 ;ULM_0OHE 

*a5 ; CLI ;£hable interrupts 

486 ; 

487 ; XEHOH 
488 

489 ; 

490 -a 

491 ;a EHO; UPLINK LCAP MARKER •) 

492 ;a - - 

A93 ; 

494 

495 SEJECT 
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Interrupt Macros 



193 
194 



157 
188 
189 
190 

192 J^"******************** UPLIKIC_HEAS_VAL 

Thfs nuicro ic used to uplink ineasured values. 
195 ;a* EHTRY COMDITIOHS: 

197 5a* V't T"^ neas^val has bem loAded with the appropriate 

199 ;9* 

200 ;a* EXIT COMDITJOMS: 

III IT* "P^'"'' ch^rr^i Is free ft is captured end the data 

204 ;a* discarded 
values an 
TELBF interrupt. 



203 ~ is busy wf th rftli L^W [I «he uplink channel 

?nA ,'^* J* L ^ i^unk the measured values are 



207 
208 
209 
210 



211 ;a MACRO UPLIH);: HEAS VAL(X); 

212 ;a BEGIH 

III if !!.!'?I^1^!?I?7^'*"^*'^ °^ uplink.flags) THEN 

215 JUPLIHK^HEAS VAL XMACRO 

216 ;UMV_START 

l]l { ^^^^^ "PLnk_disabled.uplink_fl39s,UHV^EHD 

219 J; 

220 ;;a bECIH 

III ^unk^fugs) theh 

223 y ' " 

224 • DpccT ,1 ^ '''"^ uplink busy 

225 : uplInk^bsy.upUnk flags,UHV SMV 



226 ;; = ^- . 

227 ;;a BEGIH 

Ill ill ^* Uplink channel free uplink measured value buffer ^ 

110 ':l ^.']"*'-^^ upUnk.flags TRUE; 
S? "? TELADHI := HIAODR(fneas VBltOj); 

TELAOLO LOADORCmeas'vaUOn- 
232 ;;a BYTCOUHT x; " 

llj ULID := meas id; 

235 :''b e„2^-^^*"' ^^•■^^^^ - TRUE; 

236 : 

238 for ;;P}«;;»'-^y.^fink.flafls ;Set uplink"^sy'" 

240 ; ^^^""^ address register 

111 : !cfYn!^"-''"^ eddress LSB 
5;, TELADLO ;etc, 

;?c ' mess.fd -Get 10 

2*6 5 B«T u to hardware 

24? : RAM_i^Unk,TELSTAT ;Stari upHnk 

III [ UHV,EMO ;C0 exit 

249 1; 

;;a else c* hot 14^1 ink bsy •) 

251 ;;a BEGIH 

III ''l Set measured v.lue uplink pending *) 

tzj count :« x; 

[[^ ^^meas^nd of uplink_flags := TRUE; 

256 ;.;a EHO; 

257 ;; 
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259 fUHV^SMV 

260 ; STX i««s_count ;S«ve pending byte count 

261 ; BSET ■w«s_prd, uplink flags ;Show pending i^Ung 

262 ; BRA LKV^END jThats all folks 

263 ;UHV_EMO 

26A ; " XEMDH 



265 

266 ;a EHO; <• UPLINK HEAS VAL •) 

267 ; T„..r 

268 

269 SEJECT 
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378 
379 
360 
381 
382 
383 
38A 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
AOl 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 



a* 

R2, Pacemaker Model 8444 * 
HOOULE: TLH 



The TLH module processes magnet mode operations while the reed * 
switch is closed. These include the handling of the telemetry * 
protocol, the THT and lead test activation, the pulse pressure * 
calculation for loss of capture markers detection. The * 
telemetry protocol involves processing downlink and uplink ♦ 
messages. DownUnk messages are validated before being acted * 
upon. The uplink consists of confirmation and confirmation + * 
replies to downlink requests. * 

* 

Routines defined inthis module included * 



Macros: 

00_HEMWR1TE 

EXEC_SPEC_FUHC 

EXEC_SPEC_REQ 

PROCESS_HEMURITE 

PROCESS MSG 
SWITCH_,TO_N0H_MAGMODE 

VALIDATE_HSG 

Procedures: 
Hone. 

Drivers: 

GHLSIHT_PROC 
RDSWIHT PROC 
TELBFIHT PROC 



- transfer downlink record to 
memory 

- decode and execute special 
function 

- decode and execute special 
requests 

- transfer downlink record to 
memory and evaluate it 

- decode memory offsets 

- restore nonjnagnet mode 
operation 

- validate downlink message 



- gain or loss interrupt handler 

- reed-switch interrupt handler 

- telemetry buffer Interrupt 



DEFSEG 
SEG 

SSETLN(HACROS.IHC); 



TLH,CLASS=COOE 
TLH 



XIHCLUOE "MACROS. IHC" 
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A24 

A25 SNOALLPUBLIC 

A26 SSETLNCEQUATES.IKC); XIHCLUOE "EQUATES. INC" 
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1812 
1813 
1814 
1815 
1816 



* Telemetry Subroutines 



SEJECT 
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0000& 09 00* ID 
0003& A6 03 
0005& B7 00* 
0007& 09 00* 02 
000A& lA 00* 

000C& 1A 00* 
000E& AE OA 
0010& 8F 00* 
001 2& AF 
D013& B7 00* 
0015& B6 00* 
00171 AA 03 
0019& 27 02 
OOIBX 12 00* 



1817 

1818 

1819 

1820 

1821 

1822 

1823 

1824 

1825 

1826 

1827 

1828 

1829 

1830 

1831 

1832 

1833 

1834 

1835 

1836 

1837 

1838 

1839 

1840 

1841 

1842 

1843 

1844 

1845 

1846 

1847 

1848 

1849 

1850 

1851 

1852 

1853 

1854 

1855 

1856 

1857 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

187c 

187- 

1878 

1879 

1880 

1881 

1882 

1883 

1884 



Telemetry Interrupt Handlers 



a** 
a* 
a* 
a* 

a* 
a* 
a* 
a* 

a* 
a* 
a* 
a* 
a* 
a* 
a* 
a* 
a* 
a* 



GNSLINT PROC 



This procedure Is the gain/ loss Interrupt handler and it is * 

non-preeniptive. It is responsible for controlling the downlink * 

end disabling uplink. Whether the interrupt is do to a gain or a * 

loss of signal can be determined by reading a bit in the TELSTAT * 

register. At the beginning of a downlink all pending uplinks are * 

abandoned and the TELBF interrupt is masked out until the end of * 

downlink. In which case it is reenabled, after being first * 

cleared, in the case of downlink overrun. Downlink is then * 

disabled until just before the uplink response, either a status * 

uplink or a RAH uplink. * 

* 

ENTRY CONDITIOMS: • 

Ho other interrupts are enabled at this point, ADC interrupts * 

are the only higher priority and they are ignored during * 

telemetry. ♦ 

EXIT COHDITIOHS: • 

None . * 



aPROCEDURE GNLSINT-PROC; 
aSEGIH 



(* Check if gain or loss of signal occurred. *) 
IF (downlnkj>resent of TELSTAT) THEN 
BEGIN 

(* Gain of downlink signal. Clear pending uplinks, disable 
uplink and TELBF interrupts, and clear any ADC and 
TELBFIMT interrupts, 

uplink_flags := UPLNK GH_SET; 

IF (THT of mag_flags)~THEH 
reset_THT of~mag_f Lags := TRUE; 

TELBF I NT of ipgstate_msk := TRUE; 

IRQREG := TELBF INT HSK; 

ULID := 0; 

<* If POS currently executing then postpone loss-of -signal 

processing until after POS is conptete. 
IF ((sensed_evnt of exec flags) 

OR Cpaced_evnt of exec flags)) THEN 
GHL5INT of current pri := TRUE; 

END; 



GNLSINT PROC 



GHLS NTHT 



BRCLR 

LDA 

STA 

BRCLR 

BSET 

BSET 

LDX 

STX 

CLRA 

STA 

LDA 

AND 

BEQ 

BSET 



downlnk present, TELSTAT, GHLS LOSS 
#UPLNK_GH_SET 

uplink_flags ;0isable uplink 

THT ,mag_f I ags , GML S^NTHT 

reset_THT,mag_f lags rReset THT if active 



TELBFIMT, ipgstate ms^ 
#TELBFIMT HSK 
IRQREG 

ULID 

exec flags 

tfCd'SHL sensed_evnt) 
GNLS_NPOS 

GNLsThT , current_pr i 



;Mask TELBF interrupts 

;Clear TELBF interrupts 

;Clear ULID register 
;Is POS currently executing? 
CI SHL paced^evnt)) 
; Mo, then exit 
; Yes, postpone I oss-o- signal 
; until after POS 
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0010& CC 0384& 



0020& 


00 


00* 


03 


0023& 


CC 


0384& 


0026& 


OB 


00* 


03 


0029& 


CD 


0000* 


002C& 


B6 


00* 




002E& 


A4 


FO 




0030& 


B7 


00* 




0032& 


05 


00* 


OD 


0035& 


AE 


04 




0037i 


BF 


00* 




0039& 


16 


00* 




003B& 


AA 


09 




003D& 


87 


00* 




003 F& 


CC 


035Q& 



1885 
1886 
1887 
185B 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 



GNLS HPOS 



JHP 



GHLS DONE 



;s 
;3 
;a 
;a 
ra 
;a 
;a 

;a 
■;a 
r-a 
;a 
;a 
;a 
;a 



ELSE IF (uplnk disabled of uplink flags) THEN 
BEGIH 

<* If the uplnk.disabled bit was not set then a downlink 
overrun has occured (gain of signal was missed) and 
downlink should be ignoredll 

IF <reset_THT of mag flags) THEH 
CALL TKT_RESET WITHIH R2LIB; 

uplnk_stat := (uptnk^stat AMD UPLH)C_CLR_HS)C) ; 

IF _<TELBFINT of IRQREG) THEN - - - 

BEGIH 

(* Downlink overflow - Flag error, uplink status, 

and clear TELBF interrupt *} 
IRQREG ;= TELBFIHT^KSK; 
up_stat_pnd of uplTnk^flags := TRUE; 
uprnk_stat := uplnk_st"at OR DHLK OVF_ERR; 
END; 



GHLS LOSS 



CHLS LCOHT 



GHLS HTHTRST 



BRSET uplnk_disabled, uplink flags, GHLS LCOHT 

JHP GHLS_DOHE 

BRCLR reset_THT,mag_f lags. GHLS HTHTRST 

JSR TMT_RESET ;Go abort"THT sequence 

LDA uplnk_stat 

AND <?UPLHJC_CLR_HS)C 

SJA uptlnk^stat ;Hasfc error bits in uplink status 

BRCLR TELBF1HT,IRQREG,GHLS_H0VF ;Has downlink overflow occurred? 

LDX #TELBFIHT HSK 

STX IRQREG 

BSET up_stat_pnd,uplink_f lags 

ORA #0MLK_OVF_£RR 

STA upink""stat 

JHP GHLS UpLHIC 



;Clear TELBF interrupts 
;Set status uplink pending 

;Set and store Overflow error 



;a ELSE 

;a BEGIH 

;a <* No downlink overflow *) 

;a CALLM VALIDATE MSG; 

;a END; 



GHLS HOVF 



;VALIDATE_HSG 



C* Request event time to be latched (write any value) 

NOTE: event time takes 0.244insec to be latched *) 
EVEHTIHE I- 0; 

IF CCup_RAH _pnd of upl ink_f lags) 

OR Tintrrg_pnd of uplink flags)) THEH 
BEGIH 

(* Only oUow RAH uplink if the pacing interval is above 

HIGH^RATE, otherwise clear uplink status flag. 
IF (timeout int < HIGH RATE) THEH 
BEGIH 

up_RAH_pnd of uplink_flags := FALSE; 
intrrg_pnd of uplink__f lags := FALSE; 
up^statjsnd of uplink flags := TRUE; 
END; 
ELSE 

"P-*tat_pnd of uplink flags FALSE; 

END; 
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0350& B7 00* 



0352& 
0354& 
0356& 
035a& 
035B& 
035D& 
035F& 
0361& 
0363& 
0365S 



B6 00* 
A4 U 
27 11 
C6 0000* 
A1 25 
24 08 

15 00* 

19 00* 

16 00* 

20 02 



0367& 17 00* 



03694 15 00* 
036BS C6 0000* 
036Ei BO 00* 
0370& Al IE 
0372& 22 07 
Q374i 07 00* 09 
0377& Al 03 
0379& 23 05 

037B& CO 0000* 
037E& 20 02 

038n& 18 00* 



0382& 15 00* 

038A& A6 01 
0386& B7 00* 

0386& 81 



1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1966 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 



GHLS^UPLHK 
GNLS UPEVHT 



GHLS^RTLO 
GHL5 NRAHUP 



STA 

LDA 

AND 

BEQ 

LDA 

CHP 

BHS 

BCLR 

BCLR 

BSET 

BRA 

BCLR 



EVEHTIKE 



;Latch event time count 



uplink flags 

#C(1 SHL up_RAH_pnd) + (1 SHL intrrg.j>nd) ) 
GHLS^MRAKUP ;Jiinp If no RAH of interrogate uplink 
timeout^int 

#H1GH_RATE ;Is timeout less then upper rate limit? 

GHLS^RTLO • No, set uplink status flag false 

up_RAH_pnd , upl i nk_f I sgs 

intrrg jand, upl iriTf I ags 

up stat_pnd,upl{nk flags 

ghUs_hrawjp 

up_stat_pnd,upl irkk_f lags 



;a C* If IPG in WT mode switch to WI mode until next event 
;a and scedule uplink if there is enough time. *) 

;a triggered_roode of PACEHOOE := FALSE; 

;a a := timeout int - EVEMTIHE 

;a IF (<(a > UPSTAT_DELAY) AMD (up_statj5nd of uplink flags)) 

;a OR (a > UPL1M1C_DELAY)) THEN 

;a CALL SCHEDULE UPLINK WITHIN R2L1B; 

;a ELSE 

;a uplnk_cnfrm of rtin2_flags := TRUE; 



BCLR triggered_mode, PACEHOOE ;Set in non-WT mode 

LDA timeout^int 

SUB EVENTIHE ;0etermine time remaining before next event 

CHP #UPLINK DELAY ;Enough time for block uplink? 

BHI CHLS_^SU ; Yes, then schedule uplink 

BRCLR up_S ta t_pnd , upl i nk_f I ags , GNLS_NUPLMK 

CHP ^WPSTAT DELAY ;Enough time for status uplink? 

BLS GNLS^NUPLHK ; No, don't attempt uplink 

JSR SCHEDULE UPLINK 

BRA GNLS_CTLiF 

BSET uplnk^cnfrm, tlm2_flags ; Indicate uplink to follow next event 



GNLS SU 



GNLS NUPLNK 



;a 
;a 
;a 



(• Enable TELBF interrupts and clear ADC interrupts *) 
TELBFINT of !pgstate_msk := FALSE; 
END; 



;a IRQREG := ADCINT^HSK; 



GHLS_CTLBF 






GHLS_DONE 


BCLR 


TELBFINT, ipgstatejnsk 




LDA 


#ADCINT_HSK 


GHLS_EHD 


STA 
RTS 


IRQREG ;Clear pending ADC interrupts 


;aEN0; (• 


GNLSINT_ 


_PROC *) 



SEJECT 
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0A23& 01 00* 05 
0426& AF 
0427S 87 00* 
0429& 20 66 



042S4 00 00* 11 
0A2ES ID 00* 
0430& A6 ..X 

0432& B7 00* 
0A3A& A6 ..X 

04364 B7 00* 
0438& CE 0000* 
043B& A6 43 
043D& 20 49 



2071 

2072 

2073 

2074 

2075 

2076 

2077 

2078 

2079 

2080 

2081 

2082 

2083 

2084 

2085 

2086 

2087 

2058 

2089 

2090 

2091 

2092 

2093 

2094 

2095 

2096 

2097 

2098 

2099 

2100 

2101 

2102 

2103 

2104 

2105 

2106 

2107 

2108 

2109 

2110 

2111 

2112 

2113 

2114 

2115 

2116 

2117 

2118 

2119 

2120 

2121 

2122 

2123 
2124 

2125 
2126 
2127 
2128 
2129 
2130 
2131 
2132 
2133 
2134 
2135 
2136 



a*****.*.**«****w******«* TELBFIHT PROC 

a* "* 

This prgcedure is the telemetry buffer interrupt handler. It is * 
ir7'^VrlV !J It '"«F«"^«ble for scheduling pending uplinks * 
(i.e markers). If the last uplink was a RAH uplink, all oendina * 
Ir^L"^! T^t''^' Otherwise, if there is^ither a pe^ * 
interrogate block or measured value, they are uplinked. » 



a* 
a* 
s* 
a* 
a* 
a* 
a* 
a* 
a* 
a** 



ENTRY COMDITIONS: 

^ rfo!i;J";r'""P^^ ^""^ ^i^*'"*^ ^'■'"9 ^^'^ routine, ADC nxjst 
be cleared if one occurred during uplink reschedule and 
processing of GAJN/LOSS roust wait until after uplink TELBF 
cofipletes to insure that the uplink flags are not corrupted _ 

EXIT C0«0ITI0HS: 
Hone. 



;aPROCEDURE TELBFIHT PROC; 
;aaEGIH 

;a 

;a (♦ If RAH uplink complete clear all pending unlinks *5 

;a IF Cuplnk.disabled of uplink flags) THEN 
;a uplink^flags := 0; 



TELBFIHT PROC 



BRCLR 
CLRA 
STA 
BRA 



uplnk^di sab I ed, up I ink_f I ags , TLBF UPLNK 

uplinfc_flags ;Clear all pending uplinks 
TLSF^DONE 



;a 
;a 
;a 
;a 
;a 
;a 
;a 
;a 
;a 
;a 
;a 
;a 
;s 
;a 



ELSE 
BEGIN 



If rmrtI°!!L'^i'"\-^? * "P^''^'^' "Pt'"»^ peeing *) 
IF (ntrkr_pnd of uplink_f lags) THEN 



lags 

(* Marker from POS is pending *) 
mrkrjpnd of uplink_flags := FALSE; 
TELADHI :- HIAODR(inarker_val CO] ); 
TELADLO := LOADDR(inarker valCO])- 
BYTCOUNT := marker cnt; ~ 
ULID := HARKER_ID;~ 
RAH^uplink of TELSTAT := TRUE; 
EHD; 



TLBF_UPLNK 



BRCLR 

BCLR 

LDA 

STA 
LDA 

STA 
LOX 
LDA 
BRA 



mrkr_pr)d,uplink_f lags^TLBF LCAP 
rorkr_pnd, up I i nk_f I ags 

«HIGH marker.val ;Load register with hi address of marker value 

address 



TELADHI 
#LOW marker^val 

"TELADLO 
marker cnt 
SHARKER ID 
TLBF STRTU 



;Load register with low address of marker value 
address 

;Load X with byte count 

;Load a with marker identification byte 



;a 
;a 
;a 
;a 
;a 
;a 
;a 



ELSE IF (lcap_mrkr_pnd of upl ink_f lags) THEN 
BEGI N 

(* Marker from loss of capture is pending *) 
lcap_mrkr_pnd of uplink flags := FALSE; 
TELADHI := HIA0DRClcap_5Iarker); 
TELAOLO := LOADORdcap marker); 
BYTCOUHT := 1; 
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0OF& 08 00* 10 
044 2& IB 00* 
0A44& A6 ..X 

0446& B7 00* 
04484 A6 ..X 

044A& B7 00* 
044C& AE 01 
044E& A6 43 
O450& 20 36 



0452& 09 00* 20 
0455& 19 00* 
0457& B6 00* 
04594 C7 0000* 



047U 16 00* 
0473& 20 IE 



18 



04751 OF 00^ 
04781 IF 00' 
047A4 A6 ..X 

047C& B7 00* 
047E& A6 ..X 

0480& B7 00* 
0482& C£ 0000* 
04B5& C6 0000* 

0488& BF 00* 
04aA& B7 00* 
048C4 16 00* 
048E& 20 03 



2137 
2138 
2139 
2140 
2141 
2142 
2143 
2144 
2145 

2146 
2147 

2148 
2149 
2150 
2151 
2152 
2153 
2154 
2155 
2156 
2157 
2158 
2159 
2160 
2161 
2162 
2163 
2164 
2165 
2166 
2167 
2168 
2169 
2170 
2171 
2172 
2173 
2174 
2175 
2176 
2177 
2178 
2179 
2180 
2181 
2182 
2183 
2184 
2185 

2186 
2187 

2188 
2189 
2190 
2191 
2192 
2193 
2194 
2195 
2196 
2197 
2198 
2199 
2200 



;a 



ULID := HARKER_ID; 
RAH_uplink of TELSTAT := TRUE; 
EHD; 



TLBF LCAP 



BRCLR 

BCLR 

LDA 

STA 
LDA 

STA 
LDX 
LDA 
BRA 



lcap_mrkp_pnd, Lfpl i nk f I ags , TLBF_I HTRRG 
I cap_mrkr_pnd, upl i nk^f I ags 

#HIGH Icap^marker ;Load register with hi address of leap marker v 

alue address 

TELADHI 

#LOU lcap_marker ;Lo3d register with low address byte of leap ma 

rker value address 

TELAOLO 

*1 :Load x with byte count 

#MARKER_IO ;Load a with marker identification byte 

TLBF STRTU 



;s 
;a 
;a 
;a 
;a 
;a 
;a 



ELSE IF (intrrg^prvd of uplink flags) THEM 
BEGIH 

intrrg^pnd of upHnk_flags := FALSE; 
statbyt := uplnk_stBt; 
CALLH LOAD_IHTRRG_UPLIHK WITHIN R2LIB; 
RAM_uplink of TELSTAT := TRUE; 
END; 



TLBF IHTRRC 



TLBF LDIH 



BRCLR 
BCLR 
LDA 
STA 



intrrgjDnd , upl ink_f I ags , TLBF^HEAS 
i n t rrgjjnd, upl 5 nk_f I ags 
uplnk_stat 

statbyt ; Update status byte 



TLBF_LDIH__EHD 



;LOAD INTRRG UPLIMK 



BSET 
BRA 



RAH_upUnk, TELSTAT ; Initiate uplink 
TLBF DONE 



;a ELSE IF <meas_pnd of uplink flags) THEN 

;a BEGIH 

;a meas_pnd of uplink flags := FALSE* 

;a TELADHI := HIADDR(roeas valCO]); 

;a TELAOLO := L0A0DR(meas~val[0]); 

;a BYT COUNT := roeas count; 

;a ULID := measjd;" 

;a RAH^uplink of TELSTAT := TRUE; 

;a EHD; 



TLBF HEAS 



TLBF STRTU 



BRCLR 

BCLR 

LDA 

STA 
LOA 

STA 
LDX 
LDA 

STX 
STA 
BSET 
BRA 



meas_pnd,uplink_f lags,TLBF MUPLHK 
meas^pnd , upl i nk_f I ags 

#HIGH meas^val " ;Load register with hi address of measured 

e address 



valu 



TELADHI 
#LOW meas^val 

TELADLO 

iheas^count 

meas^id 

BYTCCUHT 
ULID 

RAH_upUnk, TELSTAT 
TLBF DONE 



;Load register with low address byte of measure 
d value address 

;Load X with byte count 

;Load a with marker identification byte 

; Store byte count 

;Store marker identification byte 

;Set the telemetry status byte and exit 



;3 ELSE (* No pending uplinks ♦) 

;a uplink_flags :» 0; 

;a END; 

;a (* Clear pending ADC interrupts *) 



wo 91/10471 



-34- 



PCr/US9I/00309 



Avocet 6805 Assembler v2.20, #01002 Chip=146505 

R2 TELEMETRY HOOULE Mle: TLH.ASH 
======= SRevisionr 3.3 $ ============ 



1/18/90 10:35:56 
Page 40 



0490& 

0491& B7 00* 

0A93& A6 01 
049SS B7 00* 

0697& ai 



2Z01 
2202 
2203 
2204 
2205 
2206 
2207 
2208 
2209 
2210 
2211 



;a IROREG 1= ADCINT HS*:; 



TLBF HUPLHK 



TLBF DOHE 



TLBF END 



CLRA 
STA 



LDA 
STA 



RTS 



uplink.flags ;Clear uplink flags, no uplinks pending 
#ADCIHT_HSK 

;Clear pending ADC interrupts 



IRQREG 
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120 

121 

122 

123 

12; 

125 

126 

127 

126 

129 

130 

131 

132 

133 

134 

135 

136 

137 

136 

139 

UO 

U1 

U2 

U3 

IW 

U5 

U6 

U7 

143 

149 

ISO 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 

163 



This Mcro loads the telemetry regUters in preparation for an 
Interrogate block tjpltnk. 

EMTRT COWDITIWS: 
Uplink data registers are ready to be loaded without conflict. 

EXIT C0UDITI0N5: 

The interrogate block the size of IHTRRC SI2 and starting at 
the address pointed to by IHTRRG^AD is setup for uplink. 



MACRO LOAD UTRRG UPLINIC; 
BEGIN 

C* Load interrogate status byte •) 
intrrg_R2_stat := R2_stBt; 

(• Uplink channel assuned free and iplnk disabled bit set •) 
TELAOHI :» HIBTTECmRRG AD); 
TELADLO := LCW8TTE( IMTRRC AD); 
BTTCCDUHT := IKTRRC SI2; 
ULID := RAM_ID; 

EKD; (* LOAD_IHTRRG_UPLIH>: *) 



La«)_IMTRRG_UPLI)iK XHACRO 

LDA r2 Stat 



STA 
LDA 
STA 



;Get r2 status byte 



intrrg_r2_stat ;put in interrogate status byte 
#H3GH IHTRRG AD ;Cet address hi byte 
TELAOHI ;Send it to the hardware 



LDA <LCW IMTRRG^AD ;Cet address lo byte 

STA TELADLD ;Send it to the hardware 



LDA 
STA 
LDA 
STA 
XENDM 



#IMTRR&_SI2 ;Cet byte cocnt 

BYTCCUMT ;Write hardware register 

#RAM_IO ;cet ID 

Ut-IO ; etc. etc. etc. 



XEJECT 



wo 91/10471 



"36- 



PCr/US91/00309 



Avocet 6S05 Assrttbler v2.20, #01002 Chipcl46805 

«ssx=ss==:: R2 LIBRARY HCOULE File: R2LIB.ASM 

«B==s==M= ^Revision: 3.3 i 



U05/90 11:38:20 
Page 8 



16A 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
17B 
179 
ISO 
181 
182 
183 
184 
185 
186 
187 

isa 

189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
239 
240 
241 



LOAD RAM UPLIMC 



»* This Mcro loads the telensetry registers in preparation for a * 

S* RAH block uplink. 

J* 

»• EHTRY COHOITIOHS: • 

a* Uplink data registers are ready to be loaded without conflict. » 
9* 

EXIT COHDITIOHS: * 

a* A RAM block of length Indicated by P_rd_bytes starting at the • 

a* address indicated by P^rd^start is setup for i^link. * 

a* " " * 



KACRO LCW) RAMJUPUIMK; 
BECIH 

C* Uplink channel assizned free and uplnk_disabled bit set *> 

intrrg R2 stat :* R2 stat; 

TELADhT := HIBYTECP fd^start); 

TELADLO := LOWBYTECP rd start); 

BnCOJHT := P^rd^bytes; 

ULID := RAM_1D; 



ENO; 



(* LOAD RAM UPUIMJC *) 



LOAD RAK_UPLIMK WCRO 
LDA 
STA 
LOA 
STA 



LOA 
STA 

LDA 
STA 
LOA 
STA 
XENDH 



WESETLH 



SHOALLPUBLIC 
WOLIST 



r2_stat ;Get r2 status byte 

intrr5_r2_stat ;put in interrogate status byte. 

p_rd_siarT ;Get address hi byte 

TELADHl ;Send it to the hardware 

P_rd_start +1 ;Get address lo byte 

TELADLO ;Send it to the hardware 



BYTCOUHT 
#RAM ID 

ulid" 



jWrite hardware register 
;Get 10 

; etc, etc. etc. 



jDon't List the equate file 
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01SO& 05 00* ID 



0ia3& B6 00* 
OiaSi C7 0000* 
0188& C6 0000* 
013B& B7 00* 

0180& C& X 

OWOfi B7 00* 

0192i C6 0000* 
01954 87 00* 
01971 A6 CO 
01994 B7 00* 

019B4 15 00* 
01904 CC OlOU 



01A04 09 00* 1A 



01A34 B6 00* 
01A54 C7 OOOO* 



1106 

1107 

1108 

1109 

1110 

1111 

1112 

1113 

11U 

1115 

1116 

1117 

1118 

1119 

1120 

1121 

1122 

1123 

1124 

1125 

1126 

1127 

1128 

1129 

1130 

1131 

1132 

1133 

1134 

1135 

1136 

1137 

1138 

1139 

1U0 

1U1 

1142 

1143 

1144 

1145 

1146 

1147 

1148 

1149 

1150 

1151 

1152 

1153 

1154 

1155 

1156 

1157 

1158 

1159 

1160 

1161 

1162 

1163 

1164 

1165 

1166 

1167 

1168 

1169 

1170 

1171 

1172 

1173 



:»* 
;^ 

•a* 
•ff* 

;ff* 

.^1 



SCHEDULE UPLtKkC 



Thfs procedure schedule* uplink of RAM, interrogate block, or 
status in this order of priority. 

EMTRT COKDITI0«S: 

Mo other interrupts are allowed during this routine, ADC 
interrupts must be cleared if one occurred during upUnk 
scheduling. Procescing of the CAIH/LOSS »nd TLBF interrupts 
wa!t ixitil after uplink is scheduled to ensure that the 
uplink flags are not corrupted. 

EXIT COHDITIO«S: 

Either a RAX block, an Interrogate block, or a status 
conf ir»\ation block arc uplinked if any are pending. 
Status is istoedded in a RAM or Interrogate block uplink. 



;a PROCEDURE SCHEOULE^UPLIHK; 

;a BEGIN 

;3 

;a C* Load status byte for RAH uplink and the load telemetry 

|a reg-fsterc for i^aUnk. •) 

;3 IF Cup RAKj«LQf uplink_f lags) THEM 

;S BEGIN 

• a (* Lo»d for Rmi i^link *) 

;a CALLH LOAI)_RAM_UPL I HK; 

;a up RAMjxd of uplink_flags FALSE; 

;a EKD;" 



SCHEDULE UPLINK 



8RCLR 



SU LRU 



;Juip if NOT RAM uplink 
Up_RAM_pnd,wplink_flags,SUP_IHTRRG 



;LCUD_RAM^UPLINK 



SU LRU END 



LDA 
STA 
LDA 
STA 

LOA 
STA 

LDA 
STA 
LDA 
STA 

BCLR 
JHP 



r2 Stat ;Get r2 status byte 

1nTrrg_r2_stat ;put in interrogate status byte 

P_rd start ;Get address hi byte 

TELADHI ;Send it to the hardware 



P_rd_start +1 
TELADLO 

P_rd bytes 
BYTrouHT 
«RAM ID 
ULIO" 



;Get address lo byte 
;Send it to the hardware 

;Get byte count 

;Urite hardware register 

;Cet ID 

; etc. etc. etc. 



tp RAMjnd,uplink_flags ;Clear the pending flag 
SUP^STRT ;Go start uplink 



;a ELSE IF (intrrgjnd of upl ink.f lags) THEM 

;a BEGIN 

•a (• Load for interrogate block uplink ♦) 

;a CALLM LOAD IKTRRC_UPLINK UlTHIH R2LIB; 

;a int rr B_prxl""of uplTnk_flagK :» FALSE; 

;8 EKO; 



SUP IHTRRG 



SU LIU 



BRCLR 



;JijTp if NOT interrogate 
lntrr9jnd,i^link.flagB,SUP_STAT 



;LOAD INTRRG.UPLINK 

LOA " r2 Stat ;Cet r2 status byte 

STA intrrg r2 stat ;put in interrogate status byte 
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01A&& A6 ,.X 
OlAAA B7 00* 

OIACI A6 ..X 
OlAEt B7 00* 

01BO& A6 00* 
01B2£ B7 00* 
OlBAl A6 CO 
DlB6i 87 00* 

OlBSi 19 00* 
OlBAt CC 01D1& 



OlBDi 07 00* 
01CO& A6 BO 
01C2S B7 00* 
01C;& 17 00* 
D1C&& 20 09 



08 



01C8S 3F 00* 
01CA& CO 01DE& 
01CD& U OO* 
01CF& 20 OC 



OlOU B6 00* 
01D3I C7 0000* 
0106& CO OIDEI 
01D9& AA 28 
OlDW B7 00* 

OlODt 81 



1174 
1175 
1176 
1177 
1178 
1179 
1180 
1181 
1182 
1183 
118^ 
1185 
1186 

1187 

1188 

1189 

1190 

1191 

1192 

1193 

119A 

1195 

1196 

1197 

1198 

1199 

1200 

1201 

1202 

1203 

1204 

1205 

1206 

1207 

1208 

1210 

1211 

1212 

1213 

12K 

1215 

1216 

1217 

1218 

1219 

1220 

1221 

1222 

1223 

1224 

1225 

1226 

1227 

1228 

1229 

1230 

1231 

1232 

1233 

1234 

1235 

1236 

1237 

1238 

1239 

1240 



SU LIU EHD 



LDA #HIGK IMTRRG^AD ;Get •ddress h? byte 

STA TELADHI " ;Send ir to the hardware 

LDA tLOU IMTRRG AD ;C«t address lo pftc 

STA TELADLO " ;Send it to the harduare 

LDA flHTRRG StZ ;Get b/te count 

STA BTTCOUKT ; Write hardware register 

LDA #RAM_ID ;Get ID 

STA ULID ; etc. etc, etc. 

BCLR intrrg_j«J,uplinJ:_f lags ;Clear the flag 

jHp - - SUP STRT - ;Co start upl ink - - 



;3 ELSE IF (Lp_stBl_pnd of tptink_f lags) THEM 

•a BEGIN 

• a (• Load for status ID byte for uplink *) 

;a ULID STATUS^ID? 

-a up stat_pnd of upl ink^f lags :» FALSE; 

•a EHD;" 



SUP STAT 



;Junp if MOT status ID byte 
BR CLR ip_s t a t_pnd , tp I i nk_f I a gs , SUP^NO_UP 
LDA #STATUS_ID 

STA ULIO rUrite status ID to hardware 

BCLR up__stBt_pnd,uplink_f lags ; Clear the flag 

BRA SUP_STRT ;Co^stari Uplink 



;S ELSE 
;3 BEC1H 

•5 (* No Lplink scheduled reset telenietry and exit routine *) 

Lplink_flags 0; 

nil I «T Til* TYPE 

dSii^Unk"iJiibie of TELSTAT := TRUE; 
EXIT; 
EHD; 



#- 

SUP HO UP 



?a 
;a 



CLR upUnk_flags ;Clear upl ink^f lags, no uplink 

JSR SET__TLM_TYPE ;Set telemetry type and enable dovnlink 

BSET downlink_enabled, TELSTAT 

BRA SUP EHD ~ ;Go exit 



(• Set telemetry type start tplink and enable downlink •) 

statbyt :« i^lnk stat; 

CALL SET TLM TYPE; 

downlink"enable of TELSTAT :« TRUE; 

RAM uplink of TELSTAT :« TRUE; 



SUP STRT 



SUP END 



LDA 
STA 
JSR 
ORA 
STA 

RTS 



uplnk^stat ;Get uplink status 
stBtfcyt 

SET TLK TYPE ;Set telemetry type 
#CrSHL"RAM uplink) * (1 SHL down Unk^enab led) 
TELSTAT " ; enable downlink snd start tplink 

•Return to caller 



•a EHD; (♦ SCHEDULE^UPLIHC *) 



t£JECT 
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01DE4 C6 0000* 
01EU A4 01 
01E3t 27 04 
01E5& IE 00* 
0U7£ 20 02 

OlEPi IF OO* 



01EB4 C6 0000" 
01EE& A4 C6 
01F0& AA 0\ 
01F24 B7 00* 
01F4t 86 00* 
Q\fU A4 33 
01FS& BA 00* 
OlFAi B7 00* 

OlFU 81 



1241 
1242 
1243 
12a 
1245 
1246 
1247 
124B 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 



;9*** 
;ff* 

;a* 
;^ 

;^ 
;9** 



SET TLK TYPE 



This procedure decodes the telemetry type in P_tlm_type »nd 
sets up the hardjare and wrker channel accordingly. 

ENTRY COHD. : 

p^tlr^type contains the desired telemetry, 

EXIT COMD. : 

The aralog upUnfc tele«Mtry U ijpdated on the next frame. 
Curp^tln^type is written to PACESTAT and may not equal 
P tlm type. 

a - contains the current value of the TELSTAT register. 



1257 




1258 


;a 


1259 


;a 


1260 


;3 


1261 


;8 


1262 


;a 


1263 


;a 


1264 




1265 




1266 




1267 




126S 


SET_ 


1269 




1270 




1271 




1272 




1273 




1274 


STT 


1275 




1276 




1277 


1 


1278 


;a 


1279 


;a 


1280 


;a 


1281 


;a 


1282 





PROCEDURE SET_TLM_,TYPE; 
BEGIN 

(• test for Barkers uplink selected •) 

IF (narker^enabled of P.tlni_type TRUE) THEH 

inarker^active of mag^flags := TRUE; 
ELSE 

»rkep_Bctive of mag^flags :» FALSE; 



ICLR 



LDA 

AND 

8EQ 

BSET 

BRA 

8CLR 



P t linotype ;JuTp if idle markers set 
*Tl SHL narker.enabled) 
STT ICLR 

wrkers_active,mag_f lags ;Show idle markers 
STT_ADJ ;Go"6djust telem type 

marker s_ac t i ve , mag^f I ags 



(• adjust the teletnetry type *) 

curr tlm type := (P tlm.type AND TLH,TYPE_MS1C) OR IDLE_UPLIHK; 
TELSTAT 7= (TELSTAT'aND TELSTAT_MS>;) or curr.tlm.type; 



1283 STT^ADJ 
1284 
1285 
1286 
1287 
1288 
1289 
1290 
1291 
1292 
1293 

1294 ; 

1295 ;a END; C SET_TLM_TYPE *) 

1296 ; 

1297 

1298 SEJECT 



STT EHO 



LDA 
AND 
ORA 
STA 
LDA 
AND 
ORA 
STA 

RTS 



P tlm type 
IfTLM TYPE HSK 

#iole^uplTkk 
curr tin type 
TELSTAT " 
rTELSTAT_KSi: 
curr_tlm type 
TELSTAT " 



;Get telemetry type 

; Isolate real time uplink type 

;Set uplink idle bit and save as current type 

•Get current value of TELSTAT 
; and BMsk changeable bits 
;Sei nev uplink type 
•Write nev TELSTAT and return 
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WHAT IS CLAIMED IS: 

1 1. A method for transmitting data percutaneously 

2 between a medical device implanted within a human body 

3 and an extQ?:nal device, comprising the steps of: 

4 (a) formatting the data to be transmitted by: 

5 (1) establishing a frame having a fixed time 

6 interval ; 

7 (2) placing a unique synchronizing signal at a 

8 first fixed range within said frame; - - 
9~ ~ (3) placing a frame identifier at a second 

10 fixed range within said frame; and 

11 placing said data at a third fixed range 

12 within said frame; and 

13 transmitting said formatted data between said 

14 implanted medical device and said external 

15 device. 

1 2, A method according to claim l, wherein said 

2 data is representative of more than one type of data, and 

3 wherein said frame identifier is indicative of the data 

4 type within said frame being transmitted. 

1 3. A method according to claim 2, wherein said 

2 data is in digital format. 

1 4. A method according to claim 3, wherein each of 

2 said steps (a)(2), (a) (3) and (a)(4) thereof further 

3 comprises generating a burst of radio frequency energy at 

4 a time within the corresponding fixed range appropriate 

5 to pulse position modulate said burst. 

1 5. An apparatus for transmitting data 

2 percutaneously between an implantable medical device and 

3 an external device, comprising: 

4 (a) frame defining means for defining a 

5 transmission frame of a fixed time interval; 
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f irst means coupled to said frame defining 
means for transmitting a synchronizing signal 
within a first time range of said transmission 
frame ; 

second means coupled to said frame defining 
means for transmitting a frame identifier 
within a second time range of said transmission 
frame ; and 

third means coupled to said frame defining 
means for transmitting said data within a third 
time range of said transmission frame. 
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